Objectives: The objective of this study was to assess the risk of intracranial pathology requiring immediate intervention among children presenting with their first complex febrile seizure (CFS).
F ebrile seizures affect 2% to 5% of all children and usually occur between 6 months and 5 years of age.
1,2 Approximately 25% to 30% of febrile seizures are classified as complex 2, 3 (Table 1) . Complex features (multiple seizures, prolonged duration, or focality) have been associated with an increased risk of recurrent febrile seizures, febrile convulsive status epilepticus, and epilepsy.
4Y7
Most studies addressing imaging for children presenting with seizures deal primarily with nonfebrile children, showing a rate of abnormal imaging results ranging from 0% to 21%.
8Y11
A recent study suggested that patients younger than 33 months presenting with a focal seizure have a 29% risk of having abnormal imaging. 12 Evidence suggests that febrile seizures in general are not associated with pathologic intracranial lesions. 13, 14 The American Academy of Pediatrics has advocated against routine imaging for children presenting with their first simple febrile seizure, 15 yet no such recommendations exist for children with complex febrile seizures (CFSs).
Current evidence suggests that intracranial pathology is rare among children presenting with CFS. 3, 9, 10 ,16Y21 Yet, the numbers are small, with the largest of these studies being a case series of 71 patients, of whom only 46 had imaging.
We assessed the risk of intracranial pathology requiring immediate intervention among children presenting with their first CFS.
METHODS

Study Design
This is a retrospective cohort review of consecutive patients evaluated at an urban tertiary care pediatric emergency department (ED). This ED serves approximately 50,000 children per year. The study was approved by the institutional review board.
Study Setting and Population
All patients presenting to the ED between October 1995 and October 2008 with electronically available physician notes were evaluated for inclusion into this study. During this study period, all physician notes were documented electronically except during 4-to 12-hour system downtimes, which occurred approximately quarterly. Children 6 to 60 months of age with their first CFS presenting to the ED within 12 hours of their seizure were included. We defined CFS to match the definition used by Waruiru and Appleton, 2 as presented in Table 1 . Exclusion criteria included prior nonfebrile seizures or CFS, previously diagnosed underlying illness associated with seizures or immunocompromised state, recent neurosurgical intervention, presence of a ventriculoperitoneal shunt, or known trauma.
Patients with a generalized seizure successfully controlled with anticonvulsants given intravenously or rectally before the 15-minute mark were excluded. Even though the natural course of some of these seizures would have led to febrile status epilepticus, we had no ability to identify these cases once the seizure was medically controlled.
Study Protocol
Case identification was conducted using a custom-developed computer-assisted screening tool applied to all eligible physician notes during the study period. The output of the screening tool was manually reviewed by one pediatric emergency medicine physician (A.A.K.).
The Text Screening Tool
We have created a text screening tool that uses regular expressions for text matching (ActivePerl 5.8.8.820). Regular expression matching provides a more comprehensive search than key word search and is inclusive of various misspelled and mistyped words in the chart (Fig. 1) .
The module matched a list of expressions in the text. First, a regular expression was applied to every word in every chart. This produced a list of words for the reviewer that included abbreviations, as well as misspelled and mistyped versions of the index word (Fig. 1A) . A comprehensive list including the misspelled, mistyped, and abbreviated words was then applied to the text (Fig. 1B) . In the next step, a regular expression addressing negation form was applied to the cases identified, further narrowing down the search. Finally, a precreated list of exclusion criteria was matched against the text, resulting in a negative score, which was applied to the charts. This final step decreased the number of charts requiring human auditing (Fig. 1C) .
Manual Screen of Text Screening Tool Output
All charts identified by the screening tool were reviewed by 1 of our authors (A.A.K.).
Data Extraction
Both the trainee and the attending physician notes were reviewed by 3 of the authors (E.B.J., T.R., A.A.K.). The 3 authors were trained in case definition and exclusion and inclusion criteria. A single standardized abstraction data form was used. For each criterion extracted, a series of categories or definitions were uniformly listed. Missing data were coded as missing. Secondary abstraction was performed for missing data involving other documents in the electronic medical record, according to the following hierarchy: ED note 9 neurology consult note 9 admission note/discharge summary.
In cases of discrepancies between documentation of a trainee and that of the attending physician, we considered the attending physician note to be authoritative. For every case included in the study, hospital records were reviewed to screen for a second ED visit or hospital admission within 1 week of the index visit.
Each record was screened for CFS features. Data extracted include age, sex, seizure features, number of prior simple febrile seizures, highest temperature, family history of seizures, vaccination status, current medication (specifically addressing antibiotics), findings on physical examination, laboratory and imaging studies, ED diagnosis, and ED disposition. Ten percent of the records were reviewed by a pediatric neurologist from our epilepsy service to assess interrater agreement. Cohen J score was calculated for each variable. All available imaging studies were reviewed by 1 pediatric neuroradiologist (S.P.) blinded to the clinical scenario.
Definitions
We have defined a positive finding on imaging to be a clinically important intracranial pathologic condition requiring emergency neurosurgical or medical intervention. We have adopted the definition used by Teng et al 21 for clinically important diagnoses and emergency interventions: ''Clinically important emergency diagnoses included but were not limited to mass lesion, hemorrhage, hydrocephalus, abscess, and cerebral edema. Nonemergency neuroimaging findings, including acute hippocampal injury, were not included despite a potential association with later epilepsy. Emergency neurosurgical intervention was defined as the performance of a craniotomy or biopsy or the placement of an intracranial pressure monitor or ventriculoperitoneal shunt.''
For patients who did not have imaging, we have assigned a clinically negative result for a diagnosis of intracranial disease if the patient did not return to the hospital within a week of the initial presentation.
Data Analysis
Percentages and confidence intervals [CI] were calculated for significant imaging finding rates using Bayesian credible intervals based on Jeffrey's prior (SAS version 9.1 [SAS Institute Inc, Cary, NC]).
RESULTS
Case Identification
Over the study period, there were 650,993 ED visits, of which 286,613 were children between the ages of 6 and 60 months. The text screening tool identified 5744 potentially eligible patients. These charts were then manually reviewed, identifying 526 cases of otherwise healthy children presenting with CFS (Fig. 2) .
The median age was 17 months (interquartile range [IQR], 13Y24 months), and 44% were female. A summary of patient demographics is presented in Table 2 .
Three hundred eighty-four patients had 1 feature of CFS, 132 patients had 2 features, and 10 patients had all 3 features (Fig. 3) . Agreement on classification was J = 0.88 for multiple seizures, J = 0.74 for laterality, and J = 0.93 for duration. Seizure had resolved without intervention in 300 patients (57%). Ninety-nine patients received a benzodiazepine (usually diazepam or lorazepam), 28 patients received phenobarbital, 23 patients received phenytoin/fosphenytoin, and 46 patients were given a combination of anticonvulsants to control the seizure. Twenty-eight patients were intubated: 22 due to apnea from anticonvulsants (78%) and 6 due to poor oxygenation resulting from the seizure (22%).
Notable findings on physical examination were recorded in 65 patients (12%): 5 patients had macrocephaly, 7 patients had petechiae, 14 had a very prolonged postictal state, 10 nonsedated nonpostictal patients had an abnormal neurological assessment, and 24 had a combination of the above findings. Four hundred sixty-one patients had an unremarkable physical examination.
Two hundred sixty-eight patients had head computed tomography (CT) scans, 6 had head magnetic resonance imaging scans, and 8 patients had both. All available scans were reread by 1 pediatric neuroradiologist (S.P.). A significant imaging finding was identified in 4 patientsV2 were intracranial bleeds, 1 was suggestive of acute disseminated encephalomyelitis, and the fourth showed findings in the cerebellum (1.5%; 95% CI, 0.5Y4.0).
Assigning low risk to patients not imaged and not returning to the ED within a week of the original visit, the risk of intracranial pathology in our sample was 4 (0.8%; 95% CI, 0.2%Y2.1%) of 526. The largest subcategory was of patients 
Description of Cases With Positive Imaging Findings
Case 1
A 4-year-old boy presented with fever and involuntary opening and closing of the left hand, rhythmic blinking of the left eye, and mouth twitching. After a short postictal state, he had a second episode similar to the first one lasting 45 seconds. While in the ED, he was well appearing, alert, and oriented, and his neurological examination was normal. His head CT showed a 3 Â 3-cm right frontoparietal hematoma.
Case 2
A 2-year-old boy presented with low-grade fever at home after a few days of emesis. On the day of presentation, he had a brief tonic-clonic seizure and then was nonresponsive. At a local ED, he was thought to have a nonconvulsive seizure and was given antiepileptic medication with partial improvement in his mental status. In our ED, he was very sleepy but arousable and slow to follow commands. He had no focality on neurological examination. Of note, the child had multiple small bruises over the chest, back, and neck, and when accompanying adults were asked about trauma, the child's mother's boyfriend reported that the child ''bruises easily.'' On CT scan, this patient had an acute subdural hematoma in the left frontal region and along the falx cerebri, as well as multiple red blood cells in the cerebrospinal fluid (CSF) and a negative skeletal survey. A report of suspected child abuse was filed.
Case 3
A 13-month-old girl presented with 2 days of fever, vomiting, nystagmus and roving eye motions, and a stiff neck. She was seen at a local ED where she was noted to be fussy, with a stiff neck, mixed-type nystagmus, and photophobia. A head CT was done and read as normal. In our ED, physical examination was unchanged, with some resolution of the nystagmus after administration of phenobarbital, but intermittent disconjugate eye movements persisted. Magnetic resonance imaging was performed showing bilateral white matter T2 prolongation. The final diagnosis was acute disseminated encephalomyelitis.
Case 4
A 9-month-old male infant presented with 1 day of cough and sneezing. On the day of admission, while in the car with his mother, he was noted to have left arm shaking and was nonresponsive. He was seen at a local ED where he received lorazepam and dilantin to stop the seizure. A head CT scan was performed before transfer. Upon arrival to our ED, he was sleepy but arousable and was noted to have left hemiparesis involving proximal muscles. Lumbar puncture was unremarkable. Computed tomographic scan showed right-sided low density in the cerebellum.
DISCUSSION
When assessing a child with a CFS, the clinician will review the available history, carefully examine the child, and then consider the need for diagnostic testing. The ED clinician's main priority is to rule out a life-threatening intracranial condition such as a bleed or any other space-occupying lesions that require emergency medical or neurosurgical intervention, deferring nonurgent evaluation to a later time. We therefore adopted the approach of our colleagues, 19, 21 deferring the diagnosis of hippocampal injuries and mesial temporal sclerosis, despite their association with a subsequent diagnosis of epilepsy.
There is a body of evidence suggesting that children with CFSs have a low likelihood of having abnormal neuroimaging findings requiring emergency medical or surgical management.
McAbee et al 22 found only 1 nonemergent imaging abnormality in 20 patients (5%) with CFS. Al-Qudah 18 reported no findings from 13 patients with CFS. Garvey et al 10 found 3 nonemergent findings on imaging of 17 patients with CFS.
Teng et al 21 have provided us with the largest series thus far with their prospective study of 71 consecutive patients with CFS. None of these patients were noted to have a significant finding on imaging.
Patients presenting with CFS are a heterogenic group. The largest series of patients with CFS studied thus far had 20 patients with focal seizures and only 9 with a prolonged seizure. Confidence intervals around these numbers may be hard to interpret. Is it possible that particular characteristics of CFS may be important in determining the risk for pathologic findings on imaging? Sharma et al 12 have looked at nonfebrile children presenting to the ED with a focal seizure. They found abnormal imaging findings (defined as changing management or prognosis) in 17 (29%) of 54 patients. Furthermore, most articles conclude that imaging is unnecessary in ''otherwise wellappearing children presenting with CFS,'' yet children with prolonged seizures may have a challenging neurological examination due to a prolonged postictal state, effect of antiepileptic medication, or both. In fact, 6 of the 7 intubated patients in our series were patients with prolonged seizures. Soden and Koch Our study reviews a cohort of 526 patients presenting with their first CFS. The size of our cohort adds 2 important pieces of data to the body of evidence addressing the role of emergent imaging for patients with CFS. The first is a better understanding of the crude incidence of abnormal findings on imaging among CFS; the largest series presented thus far had no patients with abnormal findings, yet the upper boundary of the 95% CI in this series is 4%, which some clinicians will still consider high. Our incidence was 0.8% with an upper boundary CI of 2%. The second piece of data describes the incidence of emergent imaging findings by feature.
The largest group of patients with CFS is that with recurrent febrile seizures within 24 hours as an isolated feature. Paradoxically, although this is the group in which mental status is easiest to assess, they are often admitted because of parental anxiety. The incidence of imaging finding is particularly low in this group. When it comes to other patients, a sense of prior probability is crucial to the evaluation of patients in whom assessment of mental status is difficult and at times nonexistent. We present 90 patients with laterality and 67 patients with prolonged seizures. We demonstrate a low risk of intracranial pathologic conditions requiring emergency intervention in a well-defined population of generally well appearing children who sustain a first CFS. This finding is consistent with prior studies. Our results suggest that emergency neuroimaging may be unnecessary for well-appearing children who present to the ED with a first CFS.
Limitations
Imaging was not performed on all patients. Although no patient returned to the hospital with a diagnosis of an acute bleed or a mass effect, these patients may have gone to other facilities for their care.
Our population had a pediatric neurologist available for consult 24 hours a day, 7 days a week, which may limit applicability to patient populations seen in nonpediatric facilities.
CONCLUSIONS
Few patients with CFS have significant findings on neuroimaging in the absence of other signs or symptoms. Emergent imaging should be performed based on clinical suspicion and additional signs and symptoms suggestive of a bleed or mass effect. Patients whose only feature of CFS is two brief nonfocal seizures in 24 hours appear to be at particularly low risk for a finding.
